A new priority
Pollution risk assessment methodologies and forms designed with the fieldworker in mind are not widely available, however, principally because this is a new priority in much of the South. Pollution risk assessment is further complicated by the wide-ranging nature of pollution, and the enormous array of potential pollutants. Unlike sanitary risks, it may not be easy to identify sources of other contamination; it is often difficult to detect chemical pollutants; and field-staff often find it hard to assess the likely risks.
In a recent training event for Zimbabwe's Department of Water Development, the authors worked with fieldstaff to produce a pollution risk assessment protocol which can be used to provide basic information about the risk to water supplies or sources from pollution. This protocol is not designed to provide a comprehensive risk assessment, but rather to provide a preliminary indication of whether any significant pollution risk exists.
The pollution risk to water sources from any human activity is a combination of both the pollutant 'load' (quan-8 tity and concentration of pollutant), and the water source's degree of vulnerability to the pollution.
Many different activities cause pollution; Table 1 summarizes some key activities which have the potential to pollute groundwater, and shows their influence on the suitability of a source to be used as a drinking-water supply. The actual pollutant load affecting a water source will be site-specific, and would need to be calculated for any water source at risk.
Water vulnerability is a measure of how accessible the water source is to polluting activities. In some cases, this is simple to assess: for example, if a chemical factory has a effluent-pipe discharging directly into a surface water source, it is obvious that the water source will be susceptible to any pollutants released. Estimating the vulnerability of a groundwater source may not be so easy.
The risk of groundwater contamination (aquifer vulnerability) depends on the porosity, permeability, and thickness of the overlying soil and rock (the hydraulic accessibility), and the quantity and concentration of the pollutant (pollution load). Where aquifers are deep and overlain with impermeable layers, the hydraulic accessibility of the aquifer is low and, therefore, the risk of even high pollution loads reaching the groundwater may be relatively low. Aquifers which are at shallow Surface water sources can be particularly vulnerable to pollution. depth, with a thin unsaturated zone overlying them, are much more vulnerable. The same pollutant load will pose a different risk, depending on the vulnerability of the source.
Most fieldworkers will not have access to the information necessary to allow an accurate assessment of aquifer vulnerability and, in any case, they are very unlikely to be trained to interpret this data. They can collect basic information, however, concerning the depth of boreholes, and the depth of outflow of a polluting activity. If this information indicates that the source is likely to be vulnerable, a detailed assessment should be made by either a hydrologist or a hydrogeologist.
Preliminary integrated pollution-risk assessments
The primary aim of these assessments is to provide information which can provide guidance when a more specialized, comprehensive assessment is undertaken. For example, in an area with industrial discharges, a preliminary assessment would aim to identify the type of industry, and attempt to obtain some information about the chemicals used or produced, and the waste disposal/treatment facilities. At the same time, a sample should be taken and sent to a suitable laboratory for a full analysis of relevant parameters, and some basic parameters measured in the field.
The results of the on-site testing and the completed pollution risk assessment form can then be sent to the pollution-control agency. This information allows pollution-control staff to decide whether a follow-up visit and more detailed investigation into the site is warranted.
The information gathered during preliminary pollution-risk assessments requires some level of informed judgement as to what constitutes a significant pollution risk. It may be difficult for staff to be able to identify differences between low, medium, and high risks. In this situation, it is imperative that field staff are provided with some guidance notes by specialist pollutioncontrol staff. The authors are currently working with Zimbabwe's Department of Water Development (DWD) to develop guidance notes to accompany pollution-risk assessment forms.
The DWD staff who recently attended a training course found many aspects of risk assessment easy, but had difficulty in assigning relative scores to different activities. For example, industrial pollution tended to be judged a greater risk than intensive agriculture, or the runoff from urban storm drains or leaking fuel-stores.
In many cases, this may be justified, as controls on industry are not always enforced strictly. It is apparent, however, that in Zimbabwe -in common with many other developing countries -industrial pollution is by no means always the greatest threat to water quality, and there are many other polluting activities which affect developing countries. These include nitrate build-up in groundwaters from agrochemical use.
Desk study
In order to make an accurate assessment of the risk for a water body, the assessor must have access to a reasonable amount of information concerning both the activities undertaken in the vicinity of that water body, and information concerning the water body itself. The most effective role a fieldworker can play is to provide information on the likely pollutant load, and to identify broadly the groups of pollutant which will be discharged. Field-staff should also be able to make visual assessments of surface waters.
The forms shown in Figures 1 and 2 summarize the information required before a preliminary pollution-risk assessment for a borehole supply can be undertaken. To collect this information, a structured approach is essential, to ensure that it is done with the greatest efficiency and accuracy.
The first step is to make a desk study of the water source and its surroundings so that the assessor has as much information as possible about the source, in particular the potential vulnerability and the likely sources of pollution in the area, prior to making the field assessment. This should include checks on: available water-quality data; water-intake construction details; local industries' discharge consents or limits, and their records of compliance; the location of pollution sources relative to the water source; and whether there are point or diffuse sources of pollution.
Field assessment
Once this information has been collected and summarized in the form of a brief description highlighting key points about the source, such as watertable depth, screen length, aquifer type (if known), and the location of the polluting activities identified, a field assessment can be made.
The first stage of the field assessment is a visit to the water source; assessors should make sure there are no problems in the immediate area which may contribute to pollution of the water. For borehole supplies, this will mean checking well-head construction, and assessing whether surface water can enter the borehole easily. For surface-water sources, this will mean checking whether any activities undertaken at the source, such as pumping, or waste discharged from the water-treatment plant, can pollute the source.
Once Once the polluting activities in the area have been investigated, they can be related back to the water source. The information derived from the assessment of pollution risk from individual activities -and summarized on the pollution-assessment form ( Figure  1 ) is transferred over to the riskassessment form (Figure 2) . It is combined with the desk study findings to provide a preliminary overview of the pollution risk to the water source.
If it can be shown that there is likely to be a large pollutant load, and that there are concerns about the vulnerability of the water source to pollution, then specialist staff can undertake a more detailed pollution assessment. This will include full chemical, biological, and microbiological analyses, and full investigations into the hydrology and hydrogeology of the area to assess water-body vulnerability, and to predict pollutant movement.
9.Estimated risk of groundwater pollution LOW/MEDIUM/HIGH
If discharge point is within 30km upstream of a surface water abstraction point, what is the estimated risk of contamination to the surface water supply? LOW/MEDIUM/HIGH much they use, and how often, and when they apply them.
Where livestock are reared, details should be sought as to how wastes and carcasses are disposed of. Fuel-stores should also be checked to see if they meet minimum safety standards, and waste-fuel disposal methods should be ascertained. In urban areas, the assessors need to carry out investigations into storm drainage and solid-waste disposal facilities; and they must ensure
Application
Essentially, there are two situations where field-staff should be expected to carry out a preliminary pollution-risk assessment. The first is when a new water source is to be developed for drinking-water supply, whether a groundwater or a surface water source. The second is where a new waste-producing activity is initiated in an area where there is a water source supplying a domestic water supply.
Commissioning a new borehole
It is no longer appropriate to assume that groundwater from a newly drilled borehole will be of drinking-water quality without further treatment. An assessment of the potential for groundwater pollution is, therefore, integral to the siting of new boreholes. This should include as a minimum the procedure described above, but in a large drilling programme in which many boreholes are to be sunk, a more detailed assessment should be made.
The pollution-risk assessment should be complemented by a full analysis of water quality to cover all likely chemical and microbiological constituents. Where possible, some basic parameters should be analysed on-site during a preliminary risk assessment, to highlight any immediate problems.
Surface-water sources are often vulnerable to pollution, as many industries ies. The forms shown here can be reproduced to make a reasonable assessment of pollutant load. Combined with the information gathered on the water source, this should enable field workers to make a reasonable risk assessment for water pollution.
The forms are still in their infancy, however, and require further refinement. The approach to pollution monitoring requires further development in many countries over the next few years, as it becomes an increasing priority. Waste-producing activities are likely to increase, as will demands on water resources.
It will be many years before there are groups of well-trained, specialist pollution-control field-staff in developing countries like Zimbabwe and, until then, existing field workers from watersupply and water-resource agencies will take on the extra work. These staff can provide the information only if they are given sufficient support and training. 
Industrial

Future developments
By using a structured PIPRA, field staff can make initial investigations of likely pollution inflow into water bodTraining field-staff in pollution risk assessment and on-site testing. discharge directly into rivers and streams. This has significant implications for countries like Zimbabwe, where surface-water sources are used in a great many water supplies of all sizes.
New surface-water sources
When a new surface-water source is being developed, it is important that a very thorough risk assessment and water-quality analysis is undertaken. A preliminary risk assessment is still appropriate, however, as this will help to focus a more detailed assessment on identified likely problem areas. When surface-water sources are being developed, the range of the assessment may be much larger than for a groundwater source, because of the rapidity of surface-water flow. An assessment of likely pollutant sources, therefore, may stretch for many kilometres upstream of a surface water intake.
When an activity is established in an area where there are drinking-water sources, a pollution risk assessment will be required. Ideally, a full, independent environmental impact assessment (EIA) will be undertaken, and the results of this made available to the pollution-control and water-supply agencies. Very often, however, this is not the case, and the pollution-control body only finds out about a new activity after a pollution event.
Where an EIA has not been undertaken, field-based staff can carry out a preliminary pollution-risk assessment to evaluate the risk to local water sources. Indeed, in some circumstances, a number of assessments may be made over a period of a few months
